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The Wurtz-Fittig method of silylation of simple vinyl halides to vinylsilanes is extended to
amino substituted vinyl halides. 2-Halo-3-morpholinylcycloalkenes can be silylated to the corresponding
2-trirnethylsilyl-3-morpholinyl-I-cycloalkenes using excess of chlorotrimethylsilane and sodium in
dioxane solvent without significant cleavage of C-N-morpholinyl bond under these metal reduction
conditions. Similar success was not achieved with piperidinyl derivatives.
Because of their versatility to undergo many
functional group transformations and carbon-
carbon bond forming reactions, vinylsilanes are
finding numerous applications in organic
synthesis I.). There are many different methods
available for their preparation. One of the early
procedures was the Wurtz-Fittig type coupling
reaction of vinyl halides with halosilanes in the
presence of sodium". Though this is a relatively
simple method of preparation of vinylsilanes,
adaptable for millimolar scale to molar scale, it has
not found the wide application it deserves. Two
important reasons for such modest interest seem to
be that, (i) the suitable vinyl halides may not be
easily· available, and (ii) the highly reactive sodium
metal could possibly attack other reactive
functional groups in the substrate molecule leading
to undesirable side products. Therefore, the scope
of this facile reaction is not well investigated. A
detailed study on its stereochemical aspect has
been reported by Hudrlik et ae which has
established that the reaction is stereospecific with
retention of double bond configuration. We had
observed such stereospecificity earlier in one case."
The scope of this procedure extending 00 vinyl
halides with another reactive group in the molecule
is hardly investigated. Recently, we showed that
vinylic 1,2-dihalides, in which a second halogen
was present, could be selectively monosilylated or
carried further to the disilylation stage.' An ether
function was unaffected under these conditions."
The behaviour of an amino function under Wurtz-
Fittig type silylation condition, however, has not
been investigated. This is particularly interesting in
view of the fact that the amino C-N bond may
undergo reductive cleavage by electron transfer
from sodium". We have found that the scope of the
Wurtz-Fittig coupling can be extended to the
silylation of vinyl halides containing amino
function.
Earlier we had studied the preparation of a series
of l-trimethylsilylcycloalkenes from the corres-
ponding l-cycloalkenyl chlorides and bromides".
For the present study, we have taken the
cycloalkenyl halides 1-7 with N-morpholinyl and
~-piperidinyl groups serving as amino function.
We found these compounds (1-7) suitable for the
present study for two reasons-(i) the silylating
agent, chlorotrimethylsilane, which reacts vigo-
rously with amines, would create less problem
with the tertiary amino group, and (ii) since the
amino group in the allylic position is more likely
to undergo reductive cleavage, because of the
better stabitity of the resultant allylic anion, than in
any other position in the substrate, the reaction
would serve as a test case for the stability of the
amino C-N bond under such reduction conditions.
Compounds 1-7 were prepared according to the
literature procedure'<" (Scheme I).
SHylation reactions
The experimental procedure, employed earlier
for the preparation of simple trimethy-
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Scheme I
silylcycloalkenes? and acyclic vinylsilanes,' was
found to be inadequate for the silylation of
morpholine and piperidine derivatives 1-7 to the
corresponding vinylsilanes 8-13. For the
preparation of simple l-trimethylsilylcycloalkenes,
3-4 molar equivalents of sodium and 2-4 molar
equivalents of chlorotrimethylsilane are sufficient,
the reactions being usually run in ether and rarely
in THF or hydrocarbon solvents'. However, the
synthetic method described above was not found
suitable for the synthesis of compounds 1-7,
eventhough the experimental conditions were
varied. We found that about 10-11 molar
equivalents of chlorotrimethylsilane were
necessary, and that the reaction had to be run in
more polar dioxane solvent at somewhat elevated
temperature (SchemeII). The need for excess
trimethylchlorosilane is understandable because
considerable quantity of it would be used up by the
morpholine/piperidine moiety m forming
quaternary salt. The precipitation of the vinyl
halide as quaternary salt leads to considerably
reduced availability of the vinyl halide in ether for
the silylation reaction: However, the' more polar
and higher solvating dioxane was satisfactory. The
reason for this difference between ether and
dioxane seems to be as follows. For silylation, the
vinyl anion should be formed from vinyl halide by
reacting with sodium. If the vinyl halide forms
quaternary salt its reaction with sodium will be
hampered, especially in the less polar ether
solvent. On the other hand, in more polar dioxane
the solubility of the quaternary salt might be such
as to enhance its availability for its reaction with
sodium followed by silylation of the vinyl anion.
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Scheme II
and in the case of other substrates extensive C-N-
morpholinyl bond cleavage was observed, e.g., 4
gave only l-trimethylsilylcyclohexene (14).
Cleavage of morpho line was noticed in some trials
during silylation of 5-7 in dioxane, but it was not
important.
The piperidine substituted vinyl halides 1 and 2
did not give satisfactory results. The six-membered
ring compound 2 gave 9 in poor yield alengwith 14
formed by the cleavage of piperidine moiety. The
five-membered ring substrate 1 gave only
uncharacterized tarry material.
In summary, it is possible to extend Wurtz-Fittig
type silylation procedure to morpho line substituted
cyclic vinyl halides to get the corresponding
morpholinyl vinylsilanes under modified reaction
conditions. However, the more basic piperidine
cleaves rather easily and is not suitable as an
amino substituent.
Experimental Section
NMR spectra were recorded on JEOL FX-90Q
and Bruker AC-250 instruments using CDCl3 as
solvent. IR spectra on Carl-Zeiss Specord-75
spectrophotometer with films of liquid samples
between NaCI plates and GC-MS on Hewlett-
Packard 5985B system attached to Hewlett
Packard 5840A gas chromatograph. GC analyses
were done on Varian Vista 6000 instrument using
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5% OV-101, 10% OV-101 and 15% FFAP with
temperature programme.
THF and dioxane were refluxed over sodium-
benzophenone until navy-blue colour persisted
(indicating absolute dryness) and distilled just
before use. Chlorotrimethylsilane was distilled
first from quinoline and then over sodium pieces.
The reactions were run using 0.5 g to 1.5 g of the
starting vinyl halide under anhydrous conditions,
preferably under nitrogen atmosphere.
General procedure of silylation. To 10-II molar
equivalents of sodium sand suspended in 25-30 mL
of dioxane (or THF in case of 3) 15-16 molar
equivalents of chlorotrimethylsilane was added
followed by 0.5 g to 1.5 g of 2-halo-3-
morpholinyl-l-cycloalkene in 2-3 mL of THF or
dioxane. The mixture was refluxed on an oil bath
and the progress of the reaction was followed by
gas chromatography. After complete disappearance
of the starting compound, the mixture was cooled
and 25 mL of dry ether was added. The excess
sodium was filtered off using a plug of glass wool'.
The filtrate was carefully treated with 10-15 mL of
water, stirred for 5 min, and the layers were
separated. To the aqueous layer, which was acidic,
was added 30 ~L of chloroform and the pH was
brought to 10 by adding 4 NNaOH solution. After
shaking well, the layers were separated and the
aqueous layer was further extracted with CHCl3 (2
X 25 mL). All the organic extracts were combined
and washed successively with NaHC03 solution
(25 mL), water (25-50 mL) and saturated NaCl
solution (25 mL). After drying on MgS04, the
solvent was removed on a rotory evaporator (at 40-
50°C) and the residue was distilled under reduced
pressure.
The salient experimental data are summarised in
the Table J, and the spectral data of the new
vinylsilanes follow.
3-(N-piperidinyl)-2-trimethylsilyl-l-cyclohexene
9. IR: 2990,2900,2670, 1585 (C=C stretch), 1470,
1415, 1270, 1130, 1085, 1050, 1020, 970,
860 cm"; 'H NMR: 80.08 [s, 9H, Si(CH3)3], 1.7
(m, 6H, piperidine), 1.96 (m, 6H, cyclohexene),
2.48 (m, 4H, piperidine), 3.20 (m, IH,::: CH-N::),
6.12 (m, IH, olefinic H).
3-(N-morpholinyl)- 2-trimethylsilyl-l-cyclopen-
tene 10. IR: 3030 (olefinic C-H stretch), 2900,
1600 (C=C stretch), 1450, 1360, 1250, 1160, 1110,
1040,820, 750, 690,490 ern"; 'H NMR: 80.21 [s,
9H, Si(CH3)3], 1.75 (m, 2H, cyclopentene C4-H) ,
2.1 (m, 2H, cyclopentene C5-H), 2.5 (m, 4H,
morpho line), 3.78 (m, 5H, 4 morpholine H+>lCH-
N~), 6.27 (q, IH, olefinic H); 13CNMR: 8 -0.60
[Si(C1I3)3], 20.32 (C4), 34.73 (C5), 48.70 (e3.,
morpholine), 50.00 (e2·, morpholine), 67.45 (e3),
142.10 (ez), 144.48 (e,); MS mlz (relative
intensity): 225 (50.6) (M+), 210 (13.4), 196 (10.2),
180 (6.0), 167 (6.0), 152 (100) (M+-SiMe3), 138
(3.8), 125 (9.2), 112 (4.4), 97 (5.5), 86 (20.2), 73
(50.0),59 (10.9), 45 (6.7),29 (2.1).
3-(N-mo rpholinyl)2-trimethylsilyl-l-cyclohex-
ene 11. IR: 3000 (olefinic C-H stretch), 2860,
2740,1580 (C=C stretch), 1450, 1335, 1310, 1250,
1100, 1060, 1010, 980, 910, 800, 740, 670, 600
em"; 'H NMR: 80.90 [s, 9H, Si(CH3)3], 1.62 (m,
Table I-Amino substituted cyclic vinylsilanes by Wurtz-Fittig procedure.
Rea- Reaction Pro- Yield b.p Mol. formula Found (Calc) %
ctant time (hr) duct. (%) °Cfforr C H N
2 48 9 18 115-120/3.5 CI4H21NSi 71.08 1\.29 (11.46) 5.59 (5.90)
(70.81 )
3 15 10 66 80-85/2.0 C12H23NOSi 64.20 10.11 (10.28) 6.00 (6.21)
(63.94)'
4 15 11 61 75-80/1.0 C13H2SNOSi 65.47 10.32 (10.52) 5.61 (5.85)
(65.21 )
5 48 12 41 105-107/0.5 CI4H27NOSi 66.62 10.91 (10.74) 5.80 (5.53)
(66.34)
6 80 13 45 80-81/0.15 C1SH2.NOSi 67.21 1\.21 (10.98) 5.55 (5.34)
(67.35)
7 70 13 42 -<10- -<10-
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4H, cyclohexene C4 and Cs-H), 1.97 (m, 2H,
cyclohexene Cc,-H), 2.2-2.8 (m, 4H, morpholine),
3.21 (m, IH, :CH-N:::::'), 3.68 (t, 4H, morpho-
line), 6.2 (m, IH, olefinic); 13C NMR: 8 -l.24
[Si(CH3U, 20.97 (es), 20.99 (e4), 26.49 (e6),
48.92 (e3·, morpholine), 50.22 (e4·, morpholine),
76.02 (e3), 138.63 (e2), 140.91 (el); MS mlz
(relative intensity): 239 (5.3, M+), 224 (8.7), 196
(14.6), 180 (9~9), 166 (10.7) (M+-SiMe3), 152
(17.8), 138 (16.7): 126 (100),113 (6.1), 88 (6l.8),
73 (64.7) (SiMe3), 59 (17.7), 45 (7.5).
3-(N-morpholinyl)- 2-trimethylsilyl-l-cyclohep-
tene 12. IR: 3000 (olefinic C-H stretch), 2950,
2910,2830,2800, 1600 (C=C stretch), 1430, 1245,
1100, 1000, 950, 905, 810, 740, 690, 620,
530' ern"; IH NMR: 80.00 [s, 9H, Si(CH3h]' l.65
(m, 8H, cycloheptene -CHz-), 2.38 (t, 4H,
morpholine, C3.-H), 2.74 (m, 1H, :: CH-N:::::.), 3.64
(t, 4H, morpholine C2·-H), 6.2 (q, lH, olefinic H); 2
13C NMR: 8 -l. 78 [SiCCH3)3], 26.17 (es), 26.93
(e6), 27.79 (e4), 28.12 (e7), 48.70 (morpho line 3
e3.), 50.87 (morpholine e4·), 66.69 (e3), 143.29
(e2), 144.37 (el); MS mlz (relative intensity) : 254 4
(l.6), 253 (8.5),252 (l.3, M+), 238 (7.6), 224 (2.5),
210 (l.I), 196 (3.4), 195 (3.3), 180 (73.9) (M+- 5
SiMe3), 166 1(13.2),1153 (8.3), 152 (7.9), 138 6
(4.4),126 (18.7), i12 (3.2),100 (4.8),88 (24.7), 86 7
(23.9), 73 (100) (-SiMe3), 59 (2l.3), 45 (9.5), 29
(l.1 ).
3-(N-morpholinyl) -2-trimethylsilyl-l-cyclooct-
ene 13. IR: 3010 (olefinic C-H stretch), 2970,
2870, 1680, 1470, 1290, 1260, 1140, 860,
775 ern"; IH NMR: 80.0 [s, 9H, Si(CH3)3], r.i.i.s
(complex, 8H, cyclooctene -CH2-)' 2.15 (m, 2H,
cyclooctene, allylic -CHz-), 2.62 (t, 4H,
morpholine C3·-H), 3.3 (m, IH, z: CH-N ::: ), 3.80
(t, 4H, morpholine C2'-H), 5.65 (m, IH, olefinic C-
H).
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